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Wouttd Mapping System .■: 



Previous method© 

Wound measurement appears to the ^irt^^Wctens have the- state 

of a wound or to assess ihe effectiveness*^ >a ^tts^lKB^ ft has been 

reported that In cGnteal trials, wound area is ! themes* eohvnonly TW?iM$^?to.at wounds 1 . 
Although currant methods are numerous, almost ^alf ate. simple and most ate subjective, 
bringing their accuracy Into quesflon. 

ThB most frequently used technique are. two-dtmerisbnat -fcrfcMnctocfe nriear 
measurements, wound tracing, planimetry, and s^ophtfbgrammetry. \ 

Linear measurements are perhaps the. nips! simple and Involve \Wi&th and width 
measurements, taken at the longest length of the' wound and the wfctegtwfittfi, measured 
perpendicular to the length axis 3 using a woqhd -gauge or ruler; While tfeady qufck and 
Inexpensive this method is very subjective and wfll therefore result In iartaln degree of 
inaccuracy. 

A second linear measurement often used: In the assessment ;of founds. Is that of 
area. Several manufacturers to the health care fadushy have pmitudotf : flj gauge with 
concentric circles which can be used to estimate wound area. MoweyerrasjWiy-fw wounds 
wilJ be perfectfy circular this method w»» irrtradui^ a targe amount of erra? into the resuft. 
Even In cases where symmetry Is evident, suljjectiya jdentfficatfon of the : wounddoundary can 
cause Inaccunacies in this method. 

Planimetry, wound tracing or the acetate method Es the teeshnkju&^fah -employs the 
use of metric graph paper with a 4cm grid isize wffert thfr complete squiares' Wlthh 
wound area are counted and the result Indicated in scjiiare centimetres 2 . • - : : ,* \ 

A further 2-dimensional technique used to .^temihe wourid parameters is thet.of 
stereophotogrammehy, a more complex and expensive method tovolviogitfie usa of a video 
camera attached to a computer with appropriate software. The wound b.captured on video 
after a target plate has been placed on the plane of #ta affected area, Tfoe tafgei plate allows 
comsct orientation and distortion correction in ocdar to obtain a true imafle'ot the wound 
before it Is downloaded to the computer. The wound area can then itej ^ir^wJ. from the 
displayed Image and the software calculates, the: wbund length, width arid area*. The 
improved accuracy of this method and the abflfty to record results in a database makes a 
more advantageous than previous techniques biil; 8s tapense is a limitation,. : 

WhBe a study by Kantor 1 suggests that- t^ew methods are adequate! in tetGrmntoQ 
wound parameters, the need to remove dre^togs'and .bandages • in., airier ter obtain the 
measurements remains a crucial shortfalls While there an obutaus necesfflffyio renew and 
replace dressings from a health point of . view, the frequency of replacement can have an 
effect on the state of the wound. Continual agfiaiion 'of the wound area do^ cipt encourage 



hearing and removaltOf adhesive dressings <^n 'se^e to d>r^'ttifiyafin86pn of new tissue. 
Therefore It would be desirableta deveIt^.a';iiiBl^ad '.of ^^^^Ti^^^eYrt.whkii did rat 
require the removal of dressings to calculate tfter cVuisen parameters. 

An accurate, atraumatic mapping technique.;' would 'have the wry attractive advantage 
of enabling scientific assessment of the "dflcacy of' various treatments claimed to 
promote/enhance wound healing and the unequ^^ide^ca»on of tr^e .mosteflectivB. 

The present invention involves the- use : of a:*smart dressing: which can be used to 
monitor aspects of the skin's electrfcai impedance and thus to assess tire size, shape, depth 
and composition of the wound, ail without the need of removing the dressing. ! 

The Healing Process 

The skin has several functions including temperature regulation, immunity -anti- protection and 
when the.integray of the skin Is comprised by. trainna; ft fe said to be-vvpuhded . .; 

Wounds vary in severty and this is eaufled ma'mly. by the depth or penetration of the 
injury and the skin layers involved. Minor abrasions where the portion of skin last does ; not 
extend beyond the epidermis into the dermis Bidefhed as an epidermal wound; while deep 
wounds are injuries where substantial tissue iossls enWeot Wothe lower dermal layers. 

The skin's abMy to replace itself goes some way to explaining ttre definition of wound 
healing. The CREST guidelines on 'Principles ef <?wtog for Patients wrWvVpiinoV, published 
in 199S ctetines healing in the pathological corttext r as.'...the body's replacempnt of destroyed 
tissue by living tissue 3 . The onset of an injury triggers a' series of cellular; and biochemical 
events from the biological and Immunological systems whereby an organised pathway of 
processes results in a healed wound. 

The healing process can be divided into 4 sequential but not distinct, phases, 
haemostasia. Inflammation, proliferation and maturation.. Haemostasia Is the process of 
stopping bleeding 4 which is a common occurrence in deep tissue trautnai following injury a 
discharge of blood or fluid fram a vessel In 1he surrounding tissue, (exbayasalion) initiates 
blood clotting and platelet activation, It fe this platelet activation which toggers haemostasis, 
vasoconstriction and new tissue formation to aW ,in wound repair. .The vasoMnstrictton is a 
result of the release of a series of chemical .mediators such as histamine; serotonin and 
adenosine triphosphate (ATP). Their role is foanpact the circulating leucocytes (colourless 
blood component which protects against mlcroonjirolams) to the.sto. of impact 4 . The onset of 
vasoconstriction also coincides wfth the start of Hie second or- Inflammatory phase. • 

The increased volume of 'local* Wood allows plasma to leak tb the surrounding tissue 
thus swelling them, hence inflammation. Neutrophils and monocytes arrive at the wound 
dormant and on activation the neutrophils set aboutiremoving any offensive bacteria while the 
monocytes become macrophages producing growth factors to accelerate tna 'healing process. 
Macrophages themselves also phagocytose pathogenic organisms and dear tissue debris. 



C • •, : .v ; 

The last stage of this phase sees the relga&&lii ^ ^ U ^^$itotmaiLi>h tt f^* ' 

oversee the growth off newfyfonr^ . •; . ' ii^- . 

Ttia third stags, the proliferation phpse is the . growth and- i^pf^qtfon.of tissue, 
namely connective or granuiaSon tissue whbse formation- & dependent onytfgi hswfy formed 
blood vessels. The Woof vessels provide a- suitable enyfronmerrt for tis^b^ '^generation by 
providing nutrients and oxygen for the cells. .Fl^-fiSpQbtesfe create* a tietj^rfcof cotiag&n 
ffcres In the wound bed and produce a stfcky sutefemoe, proteoglycan wtiidr ffRs trie tissue 
bed binding the fibres together to form a stt&feTrernewpHe E0lte1felisa^ , <wft contraction 
arB the final processes in this stage whereby the wound regenerates -.eprthtflium from the 
outer edges of the wound towards the centra. The celts migrate across'the : surface to they 
meet and at the same time the wound is contracted by myofibroblasts. ; " x:--. 

The fourth and final phase of the healing jj>raf?es5 is the maturatfanptese: which can 
be several weeks from the time of injury and Involves the remodefltag of .the collagen fibres 
raid down in the proliferation phase 4 . Thfe collagen is soft and gelatinoils and* is. replaced in 
this stage by more orderly and stronger collagen. • The ffoal act In trie, heating process Is the 
removal of fibroblasts from the wound sfts and the restjycturing[ of blood vessels away from 
the area which results In the shrinking and psitog of the: scar tissue 4 . 

The Skin and its Electrical Properties 

The Skin is made up of 3 main layers: - the subcutendous.rayer, the demife jafaliie epidermis 
; (the strongest layer) 5 . \ : f . . 

The epidermis, the outermost layer. Ts In dibd contact with- th§ ar^ranment and 
therefore provides a protection barrier to outside mstatfpls (products; water; at*.), as well as 
filtering sunlight Unlfce any other oigan of the body, the epldernais .b sfclfrrfenewing and 
hence replaces fiself continually 6 . 

The epidermis can be sub-divided into several further JiayeftS] iwfth. Uie stratum 
comeum forming the outennost layer. Celfe to ttl* underlying basal layer cite constantly 
multiplying and undergo changes as they push, up tovyards the skints surface; As these cells 
become flattened, compacted and dehydrated, they lose their nuclei and dpvelqp a hardening 
protein, eventually forming the stratum comeum. Tire dead ce|ls on 'the surface are 
continuously being shed, replaced by the cefts migrating from the undeHylrig lay]eps ; . 

The stratum comeum consists of several lasers 6f dead cells appdi varies- in thickness 
depending on location on the body, the thickest layers toaing on the palms of; the hand and the 
bottom of Ihe feet. The stratum comeum fceconries. thicker wfth age end ! ep^osure to the 
elements making ft more susceptible to wrinkles and: creases 5 . 

Tbe relatively non-conductive straturn cbmeum sandwiched beiwfefcn..a conductive 
electrode pnfcerface. and the conducive hyditrfieicr uhderiying tissue, acts as. a dielectric 
between two plates as in a capacitor. Therefore the stratum comeum's eleactrfcal properties is 
often represented by a simple capacitor, Cp*. • , 



Some tons do however traverse the stn&ttfc' *fc$met*m banter ai^ihliteifeefieseiited, : 
along w3h the capactertce, by a large par*Uo^reslstab#, : Rp; fV - . 

The tissues underlying the; skin are-cor^aw and can/ be ratf^&ited -by a 
resistance, R Tl bi series with the above paraHdl cojnbmafeH 9 .- The eqtfluato&s^oit mode! Is 
shown in figure 1. This .equivalent (Aqivni^ cwnprlshB Ifirirtio^ end e 

capacfiance is obviously a simpfifioatton of the sKHiS ifcoftpiex electrical prpperttes." 

At very high frequencies, the impedance! M the capapitartce tends ;tij zero and the 
overall impedance approaches that of R T , Al tow frequency, the Impedance of .tfee capacftance 
tends to Infinay and current therefore flows through; th^ sertes combination of and Rf and 
the overall Impedance is generally therefore mutfi tei&e'rthan the Mgh frequenpy.oase. 

Complex Impedance Plot of Skin Impedance: ■ £ , ' • 

Theoretically the impedance locus of the *das$teeTm9deJ (eauivalertt cto^ jrioorporatlng a * 
resistance and capadance hi parallel) ifcau^ransfja of a semi* draj tor^rp v^ose centre Is 
located exactly on the real axis, as shown on flftwfft i ' • . \ . 

However, Figure 3 shows the typical form M measured impedance, fexjus Plot of the 
electrode-skin interface, demonstrating thai the simple model described -above Is not 
adequate to fully characterise the electrfcal propeite^ of «ie sldn. • 

Rmr and the intercepts wfth the reial wis at high end low frequent respectively, 
are the high and low frequency limit resistances. The depression of the centre of the arc 
below the axis, Is expressed in terms of the angle m p <=fctfo) te the angtll^r-veloclty of the 
■peak' of the arc. This is the point with the largest value of reactance, Xa 6 . 

impedance loci such as the one abovp haye teen found to be. well itodeHed by the 
formula derived by Cole in l94d 10 (equation 4 !). [Other mathematical models pre possible}. 

Z = ^ + <Rq-RJ^W«^ 1 ' * CD 

■ • ■ "i • * . 

The expression is used to describe the complto iniifsieidance of certain t)iptofi^f.|tiBsuei * is 
dimenstonless and has a value 0 < a ^1 and ^related to <j> such! that $ * aW«^«/hen oe^l. the 
Impedance locus is a semhclrcular arc whose centib lies, on « the real a*fc'iwfth a frequency 
intercept angle $ of go°. When awl, as is noRnally the case, the locus takes this form of a 
■depressed* semi-circular arc whose centre ifes' : belc»vthe real axis end- the frequency 

intercept angle* Is less than 90°. .... 

The complex impedance described bjf the-Cpfc equation (1) corresponds to several 
equivalent circuit Figure 4 shows one such cfrcu* favcuired by ttie lauthor.- ' - 
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Zcpais an empirical, constant phase angle impedance which shunts the- res^rice IVwhere : 

Zc^KfeD)^ - (2) 

%*»,.* . 
K is a measure of the magnitude of Zcm fr^K^-jkbmb-i) and has unite/of to s~ These 
circul elements can be expressedin terms of the Cole' pararaetos R*,: : <d 0 and a, as 
follows: 

Rp={Ro-R*) ■ • »" <3) 

K = (Ro-R^/T^^Rp/T 1 -; (4) 
Rt=R* (S) 

Invention 

It can be readily appreciated that when;tte;;st^m '<*meum at : a.jgiyen skin site is 
punctured, abraded or absent (as a consequence, of iraunia or disease, for example): the 
measured tow-frequency impedance at the site yvffl be dramatically reduoia d& ! :the absence 
of the large stratum oomeum impedance (represented In the! simplest case (Ftg&re 1) by the 
parallel combination of the skin's capacitance art* resistance, C P and. fcp), Only the small 
resistance, R Tl of the underlying tissue wSI remain. 

Mapping, for example, the low»frequency tpnpedance of. skin sites fa and around a 
wound site will evWenoe clearly the major deferences between hdalthy skin <fr\Qh Impedance) 
and the wound (low impedance). 

If an array of electrodes Is located over the wound sflb (Figure 5); th* Impedances of 
the individual electrodes can be used to create a tivo dimensional map of the- wound. If a 
sufficient number of smaD area electrodes are used, the shape . and .size of thevwundcanbe 
ascertained from the measured Impedance values. Overtime, changes ffi the wound shape 
and size can be followed using this technique. 

It Is possible to model the electrical privities of tissues wfth equlvipJent electrical 
circuas, Wfth the correct choice of mathematical t>r equivalent tfrcuit model, ft, fe. possible to 
relate the model elements to the underlying physical; processes and thus shJdy the healing 
processes and meaningfully assess the efficacy of a range of therapies. 

The use of a muiti-electrade array w3l triable the monitoring of different sles without 
the need to move a single electrode from one meksurpmeetsfte to the next 

Hydrogel is presently used as a wound dressing as it protects- the wound bed from 
forefen contaminants, and hydrates and enhances. the environment. esserrtfi! to thorough 
wound healing, Hydrogels can also be used In the- construction of No-impedajricp monitoring 
electrodes and, along wfth the use of scrcenprirtf&ig or similar-technologies, lend- themselves 

5 . * 




to the fabrication of iu5Mrste,.fiaxihie r |^pi*^^c^ arrays, itlje. *p^jw^^Sf?5^ 
can therefore be incorporated into the hjybn#4^jwi* wound dtessjhg anf^tiSed' to monitor. • 
the wound and the effect of therapy wWoid thawed to -remove We dms^g. A significant 
improvement on current techniques is that this sjyst^ri does not interfere/wsji the wound bed. 
As the system is designed to be used as part "-of - We drassSna or taicortsfi^EBj^ia dressing, ft 
allows new tissue formed as part of the heaTa^procpSSi to remain lindisfearbed whDe the 
wound fe being assessed. In addfflon to calculating the wound area, itf&itevfoe is also 
effectively assisting wound healing. 

Most of the prior art discussed, above ;produca wound . parameter^ fite length and 
wfctth and at best volume values, but none, wife ^ exception of the steY»y^j^r«mmetry, 
produce a map or picture of the wound. ' .EterKUsiTO stereoph^faiti^efcy toe wound 
parameters must be calculated from the picture pftatthe wound phonograph jha§ been traced 1 
around using the computer. This method can be Inaccurate due to:the difficulties associated 
with capturing a real 5 tee image of the wound to download. . . • - 

In one embodiment this invention awins? to^map the wound direct ir<^ the. site and 
produce an image, complete with calculations of m$, tissue type e*o, on aiiponiputer screen 
with litce Involvement from the clinician required, therefore reducing subject^ acid error. 

As a wound heals, particularly a full thfcknbss* wound; -% pamfi Mwugh several 
phases or stages where new tissue and eventually skin will .form, therefore another 
indication of wound healing b the tissue type present « We wouijd bed- ; It>is possible to 
model the electrical properties of tissues with mathematical andfor eqUitfjaient electrical 
circuits. With the correct choice of mathemiftlcaf!W : efiu^errt cfrcipit taOd^Ttfc possible to 
relate the model elements to the underlying physical- processes grjtf thus itudy the healing 
processes and meaningfully assess the efficacy of a*ang$ of therapies. * ^ 

The proposed 'smart dressing" therefore cAeifecterisfcs.tissuB and hence; evaluates the 
tissue type present under the individual electrodes Incorporated in. the 1 , dressing. This 
fiiformation can then be used to establish fte state of the wound. 

Due to the severity of some full thickness fefcunds, many scares y?aijnQt.hea| wfehout 
some form of intervention. Several treatment teighniquee are employed tfSie-use of drugs, 
wound dressings and the application of eleotrfcal signals. Any affetl that these techniques 
have on wound healfrtg can Ideally be assessed Using electrical impends spectroscopy 
(EIS). The application of electrical fields (DC*. pulled, etc.) has.tieeri reported to promote 
wound healing 11 ' 12,13 , unfortunately, due to .the dSftteuRies In assessing woufwt healing, it has 
not been possible to establish clearly the best •electricaJ therapy*. Thfe shortcoming cm be 
addressed with the use of the impedance array ias'the electrodes can be iised to apply the 
desired •electrDtherapeutto' signals and to* evaluate their effects, fall withdut removing the 
dressing. The electrodes can also be used fot forittjphoretic drug delivery .arid assessment of 
resuftant therapeutic effect or tissue trauma. * 




Electrode Array Fabrication 

The electrode, .array would best- be. ^fabricated using screenprintir^ or . related 
teeftnlquas, thus enabling the accurate p^ejni^artf *«posffionteg of the.«egtredeS end their 
associated leads. Optimally, the leads should be patterned using conductive materials such 
as sengraphte saver-loaded inks. The impedance recording electrodes are opflrnally formed 
using serigraphlc siluafteilVBr chloride - loaded- inks, fca ensure good .electrical performances at 
the.e|ectrpd8rgel Interface. Other mate rials mey. be Used If the electrodes are to also apply 
fontophoretio or oBiertherapeuttc electrical signals. ' 

An insulating layer should be deposited over segments of connecting' leads to avoid 
electrical shorting. 

The anay would best be patterned on toe suitable; thin, flexible; substrate- \ 

The substrate can be one continuous sheet or be iperfc rated or cut into Tfliger-ffite* 
peninsula to enhance flexibility and enable mofe&tre to escape*, where necessary* 

A backing of suitable material can be used, if necessary, to hold the finger-IOce' 
peninsulas together and ease application. 

A hydrogel would best be used as ttie electrode gel as hydrocele ate well tolerated by 
the skin and are currently used in wound dressings. A -single sheet of hydrogel l?an be used to 
cover all die electrodes and the wound of individual hydrogel 'pads* can be- placed .over the 
electrodes, in the case of a single sheet, electrodes and their respective gel car^ieffectively be 
separated from each other by rendering irrferyariftg sections of the hydrogel relatively non~ 
conductive. This ceil be achieved during the manufacture of the hydrogel or. by treating the 
hydrogel sheet with, for example, heated blades which selectively dry portions of the hydrogel 
sheet, 

Obviously, the more electrodes in the array-the. better resolution: f he .optimum number 
win depend on the given application, the size of the wound under- study -and. -the- mapping 
accuracy required, A typical range is between S x 5, and 1.00 x 100 array of electrodes 
depending on application and wound size. For .cfcrtaln routine clinical monitoring applications 
as few as two measuring electrodes may be sufficient Typical electrode s&es range from 
1mm x 1mm to 1cm x 1cm. 



Electrode Technique: 2- f 3« or 4-elec*rode 

A range of electrode arrangements are possible for impedance measurement." The best will 
depend on the given application. 

If the same two electrodes are used to 'inject 1 the curmnt and to measure, the resultant 
voltage (or vice versa), this is termed the 2-B{ec3fod&technfciMe. In this case, ^.Impedances 
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of the two 'electrode-skin interfaces are m&gautetffy seri&S wfttr that erf m#:;urid'ertymg tissue 
between them. * ; • ; " 

A.4-electrode technique Involve inJecBpg (jurtent; via a different patr-of- electrodes to 
those used to detect the voltage. In theory this jawkJs coritrfcuttons from, th^: 4; el ectrod^-s}cjn 
interfaces and one show Id therefore optimally fcbserve the properties! of the tissue between 
the voltage detecting electrodes. 

A 3-etectrode technique exists which ; enables one to study !the properties of an 
indfvWqal interface without contributions from the other electrodes orthfe bulk of the sample. 
This technique is ideally suited to study the impedance if one single elecanrfevsidjW sfte. 

Based on the above, the preferred electrocte technkjue for wound- mapping is.the three 
electrode technique. This involves the use of a test electrode through which an alternating 
current is passed and a 'back' electrode (usually positioned on the opposite sBe of the body 
segment under investigation) used to complete the Current loop (Figure 6), [ A 'reference' 
electrode positioned directly beside the test eieqtrode senses the potential* V1 across the 
electrode-skin impedance under test and the Input potential, aV to the voltmeter can hence be 
calculated (equation 6). 

AV= V1 * V12 * V2 - hZeudci * hZ*m*v * .WKuw- < 6 ) 

If a voltmeter is used which contains an instrumentet&o ampBier 'w&h «i extremely high Input 
impedance the result wDI be a negligibly small current, I* flowing ^(O^'l&S^xi **ZftU«. 
Therefore the voltage difference, AV, is equal. *o th* voltage. drop, VT 4acfx&s the test 
electrode-skin impedance under mvestigatiDn, ;as the voltages V12 a|nd V2 ptejefeurad across 
the tissue Impedance and the site below tfoe reference electrode, respectively are also 
negligible. The etettrude-skin interface impedance is obtained by dhndirig the measured 
voltage drop, AV, by the applied current, I. 

In one embodiment of the Invention,., the 'reference 1 elefctfodes for each ^eat' 
electrode 6n the array can be merged together to form thin, continuous strips as shown In 
Figure 7- This arrangement has the advantage of not requiring changes in cormection to the 
•reference' electrodes while impedance measurements are carried out from one test electrode 
in the array to another, A further advantage te:that the long fine amalgamation of the 
reference electrodes takes up less space on the electrode array, thus ma*lmls|ng the surface 
covered by test electrodes In the array. 

Although the 'back 1 electrode is generally best positioned on the opposite side of the 
body ste under Investigation, it can be incorporated' into the array forease.lof use. In this 
case it can be, for example, a long electrode around the peripheral edge of the-array; 

The tesF electrodes forming the arrays may be rectangular, circular or- any other form 
which is best suited for a given application and ;whlch lends itself best , to the fabrication 
technique. The distribution of the test' electrodes fo« the amays may be regulator irregular, as 
required by the given application end algorithms: used. 



The layout of efcatfrodes viffi^ (i$^f&are 7) qr a 

series of concentric cjrclas (Figure 6a)/ frttfwWHal t^fr electn&des can : .b£ arranged to a 
circular pattern as Bustratsd in Rgures 8b and' Sc. In Figure 8a the coh»nirtc circular lesr 
electrodes can be interspaced by c^^cw(a^. , ^ , efertl^(SB , electrodes. In Figure .$& the 'reference* 
electrodes form the 'spokes of a wheel' whereas, m Figure flc they ftttm Concentric circles. 
Obviously many permutations are possible. 

On Figure B the leads to the tesf and ?^eiieocSe' electrodes are not sho*n Jtor darty. 
Connecting leads can be either be © interlaced^ around other eiectrotje^ (fijj deposed In 
layers interspaced with dielectric Insulating lay ere to enable the crossing- over of the leads 
without electrical- shorting or, (fii) Ihrough-ftoierpj^ted' to the reverse side -tf the substrate so 
that the leads avoid the side w2h the deposited electrodes. 

An advantageous feature of the inveirtba fe -the possible use of the* 4~electrode 
technique by appropriate connection to sets of .any four electrodes in* the; array. The 4- 
electrode technique enables the study of the undying tissue impedance and can be used to 
assess the tissue within the wound. Inter-electrode distances influence the depth the electric 
field penmates Into the tissue and hence these cap be chosert to study diff*frlg.!depths of the 
wound. In electrode arrays incorporating many small area electrodes, combinations can be 
chosen to study and map the wound site for a range of penetration -depths. . 



Measurement Signal 

Obviously a suitably wide frequency range (typically; from MegaHertz to mffljHeit?) sfiotikj be 
used and a sufficiently large number of data points obtained rf a complete : oharacterfestion is 
required for research purposes. For routine clinical use of the invention; one or several 
strategically chosen frequency measurements way he all that Is required for a given 
application. The applied signal amplitude for impedance measurement should b$ such as to 
ensure that the resultant current densfty Is low, ensuring electrical safety arid.sHJn Impedance 
linearty. 



Calculation and presentation of impedance parameters 

For research purposes, for example, to Stedy theieffecls of eie^cmagheScrfJelds on wound 
hearing, one may be interested in measuring the skin or tissue impedanc$?s;^ver a wide 
frequency range using numerous frequencies. .Maps of tha . calculated parameters, of 
mathematical models (e.g. Col$ equation (equation 1» or equivalent ojtopit models (e.g. 
Figure 4} may then be presented on a monitor screen or printed for records, Alternatively, for 
example, the areas of specific regions as revealed by impedance parameters, ratios of 
parameters or other calculations involving such, parameters may be calculated and presented, 
dispensing with the need to present, inspect and interpret maps. 
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Maps of calculations based on th* ftpor*^**eaji ba -used t&$ffctit difference 
regtons in the wound $8a^<fflf^n^ . . l % Znj 

® Magnitude of the Impedance '(ch.atfm^nce ox s6m3^r fetejBfaical property) 
(modulus, real and imaginary nmponeirts) and phase .Mj^fraasuned at a 
Given frequency. 

(ft Ratios of the above where too op more such measurements -^rg; parted out at 

different frequencies. Other mathemalica^lojlatto^^ 
(Sj) Mathematical model parameter -fag* Ode mode!)- a#-|naites or bther 

mathematical calculafcn&hvul^ ' i?/'- 

(tv) Equivalent circuft parameters arid ratios or Other mather^sBear calculations 
involving such parameters. : s ! . 

For Intact skin, the impedance measured.^ a low frequency is dominated by the skin 
impedance rather than that of the underlying tissue. Maps of a wound 1 sfe .cian therefore, be 
simply obtained by mapping the site impedances measured at one slqpt& frequency, thus 
greatly simplifying the procedure. . ; ? 

If, based on research, only one modal parameter te of interest for 3 ^ven appJicaHdn, 
onfy two or three measurement frequency points ; wilt t» required. F^rli example, the 
calculation of K, a and Rp in the equivalent circuit model shown - in Figure 4^1* require the 
use of at least two frequencies, more if high accuracy required. . 1 • ' . 



Miniaturisation ~ 

MMaturfwd electronics can be mounted on tte.wouad dressing -.to applyi; thBrapeutib 
waveforms (e.g. iontophoresis or 'electric wound 1 hbateg 1 ) and detect tiatirmpodance (or 
related) properties* . ■ . . . 

Such mtoiaturised, low profile and (pr^fabbp) fleodbie devtoes b^h.:^so be iisdd to 
display (e.fi- via an LED display) key parameter values associated with ha&liijgi trauma etc., 
thus providing important information in a clinteal se&fo& 

Displayed information can be in the fbrm : of alpba-num&rfca, coio;w,bod^ or other 
data forms to indfcate degrees of severity, depth, tissue type or other assc^afe^ ^ametocs. 

The miniaturised electronics can be reus^We>rhenfe;e clipping on.or wnnectfng to the 
electrode array, or preferably disposable along wfch.theatray. 

Other applications 

The impedance array can be used to study the ,eleptrt^k properties of othe^igtans/struciures 
such as the heart or brain. Arrays of very small aje&rodes (e,g . in the mltrdml^br range) can 
be fabricated using thin film techniques unto flexiWsdbstrates. In- the §aj3s; l of the heart 
areas of tschaemia may be detected, characterised and mapped using this- irjverrtibn. 
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F&ire1. Simpb equivalent circuit model of the Skin at frgfe&i :. 
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F&ure a Complex impedance locus for tha Sfmpti miiskdBnt oirvult motiei^fM& Stan 
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Figure 3. Typical form of measured complex tmpadah^ locuk ft** $Km ' ' . \ % ' 
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Figure 4: Possible Skin Impedance Mode! 




Figure 5: Schematic representation of electrode, qrray to assess wauntts (t&ads are not 
shown) 
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Figure & 3-etectrode technique 
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